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A PRELIMINARY STUDY OF GROWTH IN THE 
BEECH, FAGUS GRANDIFOLIA, BY THE 
DENDROGRAPHIC METHOD 
By RAY C. FRIESNER 
Dr. D. T. MacDougal has given a very comprehensive review of 
his own and the studies of others on the growth of trees in his recent 
publication, "Tree Growth" (Chrollica Botanica Company, 1938). A 
large number 0 f species: evergreen, deciduous, native and intro­( duced have been studied by the various workers. 
I 
Of the narrowleaf evergreens. Monterey Pine, Pinus mdia/a (7),
 
has received the most exhaustive study. In general, it may be said
 
that the time of initiation of growth depends largely upon the temp­

I erature. and time of cessation varies from year to year, depending
 ( largely upon time of exhaustion of water supply. In all cases the
 
growth curve rises rapidly to a maximum and falls off, often rapidly,
 
but continues some growth for a longer period of time than was
 
occupied in the rise to the maximum. In Sequo1.a semperv£rens (7)
 ~ 
the growth curve generally begins later in the year and more often 
continues throughout the year. The falling off from the maximum 
is. therefore, spread out over a greater period of time. Diametral 
increase in trunks of evergreen conifers is not dependent for initia­
tion upon the beginning of bud activity. 
In broadleaf. deciduous trees the initiation of cambial activity 
usually follows some time after the initiation of bud activity. In 
most cases diametral increase, at least near the base of the tree, be­
gins about the time when leaves are nearly or fully expanded. In 
A cer saccharum (MacDougal. 7) c1iametral increase first registered 
on the dendrograph at the time when the leaves had attained fuJI 
expansion. Similar results are reported for Ace,' 11'!Ocroph'ylltI111 and 
in the brie'f study reported for Fagus grandifalia. Loclewick (4) 
found that diametral growth in UI11'l-lts americana began in early 
May bllt did not reach any considerable amount until near the end 
of May when leaves had reached their full size. In Quercus velutina 
cambial activity began about the time of swelling 0 f buds and spring 
wood was completely formed by the time the leaves had reached 
full' expansion, i. e., by mid-Jline, Similar conditions ~re reported 
for Q.' borealis max i1'l'i.G , Studies on Fra-xinus americana' (Lodewick, 
5) revealed that growth began two days afte~ the swelling"'o{ ·Iea·f 
'85 
buds and spring wood was completed by the time leaves had reached 
i ull expansion. 
The most notable exception to the general statement made above 
is the results of Chalk (I) on Fraxinus excelsior and F. oxyca:rpa 
and those of MacDougal (7) on F. ·velulina. Diametral increase in 
all parts of the trunk took place a week before the flower buds opened 
and three weeks before the swelling of the leaf huds began. Five to 
nine per cent 0 f the xylem had been [armed by the time the leaf buds 
began to open and 30% had fonned by the time the leaves were half 
expanded. Hanson and Brenke (3) fonnd that xylem formation 
had reached 360 microns by the time the leaves were fully expanded 
in Fm-rinus ca.mpestris and Arcr saceharinu11't. Korstain (Mac­
Dougal, 7) found that diametral increase in AceI' negundo beg'an 
when leaves had attained about half of their full expansion. In 
general. it may be said that cambial activity begins earlier in relation 
to bud activity in ring-porous than in diffuse-poroLls types of de­
ciduous trees. 
(OBSERVATIONS-DENDROMETER RESULTS 
One c1enc1rograph and two dendrometers were attached respect­
ively to three trees on April 1, 1940. The trees, hereafter to be I
Idesignated as "A," "B" and "cn were 15, 17 and 12 inches DBH. 
respectively. To "An was attached a dendrometer which measured I 
changes in radius; to "B" was attached the dendrograph which rec­
orded hourly and daily variation in diameter; and to "C' was at­
tached a dendrometer which measured changes in diameter. The 
two denc1rometers gave measurements at a magnification of 2S and 
the denc1rograph was adjusted to magnify diametral changes 18 times. 
The first radial and diametral changes were noted in "An for 
the week ending May 20 and in "C" for the week ending rVIay 27. 
This activity coincided with the time of full expansion of the leaves. 
Subsequent activity (table I anel curves A and C) consisted of rises 
to maximal rates of increase which were reached in both trees during 
the week ending June 17. This was followed by essentially sym­
metrical falls in rate of increase which were continued into distinct 
losses due to contraction resulting from excess transpiration loss over 
ability of the roots to supply water. Tree "cn was one week later 
than tree "A" in initiation of diametral increase and one week later in 
showing contraction loss in diameter. Loss in diameter or radius 
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87 
continued for 3 consecutive weeks. Rain during the night of August 
i8-19 was promptly followed by radial and diametral gains. But 
these were offset by equivalent or greater losses' during the following 
week. The months of September and October were occupied by losses 
during some weeks and recoveries during others. Recoveries were 
associated with periods of rainfall and lowered temperatures and 
final recovery accompanying leaf-fall left both trees with radii 
slightly greater than those exhibited in mid-July when the first losses 
were registered, During the "dormant" months of November and 
December both trees registered slight losses and recoveries. On 
December 30, the date of the last reading concerned in this paper, 
tree "A" had a radius 0.06 nun greater than at the time of leaf-fall 
and 0, I0 mm greater than at the cessation of radial increases in mid­
July. Tree "e," on the other hand exhibited a radius 0.03 mm less 
than at leaf-fall and 0.082 mm greater than at cessation of increases 
in mid-July. The tolal net change in radius from April 1 to Decem­
ber 30 was 1.02 mm in tree "A" and 1.052 mm in tree "c." 
\Veekly rainfall, mean weekly temperature, and total wekly evap­
oration are shown in curves accompanying those for radial changes. 
The 1940 season may be considered to have been considerably less 
favorable than usual, at least from the standpoint of rainfall. Final 
rain fall reports from the U. S. Weather Bureau Station which is 
approximately 6 miles from the location of the trees under study 
showed a rainfall below normal for every month of the growing 
season except that of May. Data are presented in table II where it 
will be noted that rainfall ranged from 26.94% of normal in July to 
87.91 % of normal in August. 
DENDROGRAPH OBSERVATIONS 
Results from tree "B" upon which the dendrograph was Llsed are 
shown as curves of daily reversible variations The curves show 
essentially straight lines until the week ending May 13, when daily 
reversible variations first appeared. These variations presented a 
curve with daily maxima about 6 a. m. and daily minima about 4 p. m. 
They showed a range of approximately 0.111 mm. These reversible 
variations appeared in tree "B" one week before radial increases 
was observed in tree "A" and two weeks before activity was recorded 
in tree "c." They were not accompanied by any appreciable net 
diametral change. Unfortunately. the data for the next four weeks 
88 
Week 
cnding 
,•
• I TABLE Iht of August 
gains. But Ii Trunk changes and Meteorological Data 
the following 
icd by losses 
overies were 
ratures and 
~ with radii 
e first losses 
ovember and 
",eries. On 
this paper, 
> of leaf-fall 
ases in mid­
.03 mm less 
of increases 
1 to Decem-
C." 
~ wckly ov.p­
dial chang·es. 
:iderably less 
lfall. Final 
ion which is 
under study 
the growing 
~ II where it 
al in July to 
was used are 
curves show 
• when daily 
presented a 
Iabout 4 p. m. 
~se reversible 
ial increases 
was recorded 
,preciable net 
four weeks 
I 
II 
! 
I 
i 
I 
I, 
, 
II 
• 
I 
I, 
I 
I, 
I 
I 
Radial or Diametral Changes 
Week 
Meteorological Data 
Av. 
ending Tree A. IS" DBR. Tree C. J2" DUR. 
Radius for Total Diameter Total 
Current Week Radius Current Radius 
Mean Rain· Evapor-
Daily fall arion 
Temp. inches inches 
4- 8-40 Omm omm Omm Omm 11.16°C 1.71 " 1.094" 
4-15-40 0 0 0 0 3.5 0.92 0.374 
4-22-40 0 0 0 0 9.4 2.88 0.617 
4-29-40 0 0 0 0 11.3 0.14 1.106 
5- 6-40 0 0 0 0 8.7 0.88 0.769 
5-13-40 0 0 0 0 17.0 1.10 1.465 
5-20-40 0.040 0.040 0 0 15.7 0.75 1.112 
5-27-40 0.140 0.180 0.140 0.070 16.2 1.11 1.096 
6- 3-40 0080 0.220 0.240 0.19 16.1 0.50 0.914 
6-10-40 0.180 0.400 0.300 0.340 24.4 1.21 1.576 
6-17-40 0.220 0.620 0.400 0.540 23.4 0.12 1.430 
6-24-40 0.180 0.800 0.320 0.700 21.8 0.27 1.644 
7- 1-40 0.060 0.860 0.260 0.830 19.6 0.24 1.528 
7- 8-40 0.040 0.900 0.180 0.920 20.1 0.00 2.025 
7-15-40 0028 0.928 0.092 0.966 22.9 0.24 1.570 
7-22-40 -0.048 0.880 0.004 0.970 243 0.12 
7-29-40 -0.120 0.760 -0096 0.922 29.6 0.33 
8- 5-40 -0.060 0.700 -0.080 0.882 30.7 0.08 
8-12-40 0.000 0.700 -0.020 0.872 26.3 0.00 
8-19-40- 0.160 0.860 0.100 0.922 27.8 1.60 
8-26-40 
9- 2-40 
9- 9-40 
9-16-40 
9-23-40 
9-30-40 
10- 7-40 
10-14-40 
10-21-40 
10-28-40 
11- 4-40 
11-11-40 
11-18-40 
11-25-40 
12- 2-40 
12- 9-40 
12-16-40 
12-23-40 
12-30-40 
-0.160 0.700 -0.160 0.842 19.5 0.11 
0.060 0.760 -0.140 0.772 20.6 1.00 
0.000 0.760 -0.040 0.752 21.3 0.06 
-0.088 0.672 -0.100 0.702 15.3 0.43 
-0.052 0.620 -0.040 0.682 21.8 0.00 
0.240 0.860 0.180 0.772 14.2 0.85 
-0.020 0.840 0.380 0.962 18.0 0.28 
-0.060 0780 0.060 0992 17.4 0.37 
0.140 0.920 0.160 1.072 11.2 0.13 
0.040 0.960 0.020 1.082 17.1 0.33 
-0.040 0.920 --a.020 1.072 13.2 0.72 
0.060 0.980 0.000 1.072 6.6 1.02 
-0.040 0.940 -0.060 1.042 -1.1 0.00 
0.040 0.980 0.060 1.072 7.2 0.44 
0.000 0.980 -0.020 1.062 0.22 117 
0.020 0.960 -0.020 1.052 -0.55 0.01 
0.000 0.960 0.000 1.052 4.15 2.21 
0.020 0.980 0.000 1.052 3.25 0.00 
0.040 1.020 0.000 1.052 6.03 0.35 
89 
1.751 
2.372 
2.346 
2.223 
2.010 
1.188 
1.003 
1.022 
1.095 
1.080 
0.703 
y.; leaves gone 
Y, leaves gone 
~ leaves gone 
All leaves gone 
TABLE II
 
Rainfall jn Relation to Normal. Growing Season 1940
 
Month Rainfall Normal· Expected Percentage of Normal 
May 4.30 inches 3.89 inehes 110.54% 
June 1.88 3.62 51.93 
July 0.90 3.34 26.94 
August 2.91 3.31 87.91 
September 1.06 3.40 31.17 
October 1.15 2.78 41.36 
Total 12.20 20.34 59.98 
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the varia 
were lost due to difficulties in manipulation. By June 17, when the in elab 
next data were obtained for tree "B," net diametral change had substane, 
reached its maximum rate in all three trees under study, but daily 
In threversible variations were not appreciably different in extent as 
to be ad~compared with those on May 13. Daily reversible variations con­
tor, wher"tinued until November 4, when the c!endrograph was dismounted for 
quate, a~the season. Maximum daily reversihle variations showed a difference 
The relaof 0.222 mm between the early morning and late afternoon diameters. 
increasesThis di fference was attained daily for the weeks ending J]..lly 29 and 
also and August 5. A difference of 0.2 mm was shown for the week preced­
tor. Thiing these two. Reference to curves and to table I will show that 
trce growl these weeks are the period of lowest rainfall, highest temperature 
factors.and highest eva poration. They are also the time of radial losses in 
due to e.­trees "A" and "c." By November 4, the curve of d.aily reversible 
for thisvariations exhibited nearly a straight line, approaching the condition 
needs, anshown at the beginning of the season. 
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of tempThe use of the terms "spring wood" and "summer wood" in con­
able wat 
nection with the teaching of wood anatomy has left in the minds of 
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most students the impression that in trees in general there is dia­
favorabl
metral growth during the major part of late spring, summer and early 
autumn of each year. \Vhen one observes a cut section of most of 
Ollr broadleaf trees, the diametral ratio of spring wood to summer 
wood certainly leaves the impression that mllch more wood is formed 
during the summer than during the spring. slowed d, 
On the other hand, when the environmental conditions which but, on t 
favor cJiametral increase in wood are taken into account, it becomes the guar 
90 
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more often the periods most favorable in our region for diametral 
growth. The most important external factors controlling wood for­
mation which are variable on the same site from season to season 
and day to day are temperature, evaporation rate and available water. 
The first is, in our area, most likely to control time of bud i\ctivity 
and thereby the time of initiation of diametral increase while the 
latter two more often control its duration. The effect of these 
factors will, no doubt, vary somewhat in different species of trees, 
the variation being related to differences in response of the species 
in elaborating, translocating and litilizing growth promoting 
substances. 
In the earlier part of the season, when water supply is most likely 
to be adequate, temperature is more likely to become the limiting fac­
tor, whereas in the later part of the season, when temperature is ade­
quate, available water and evaporation become the limiting factors . 
The relation of these factors is not a simple one: as temperaturer 
I
I increases the demand for water to supply evaporation losses increases 
also and thus makes available water a still more potent limiting fac­
tor. This i~ well illustrated by the results shown in the curves for 
tree growth when compared with the curves for these environmental 
factors. From May 6 to June 10 when available water was adeqnate, 
due to excess rainfall in May (table II shows 110.54% of normal 
for this month), to supply both transpiration demands and metabolic 
needs, and food, both reserve and current construction, was adequate, 
temperature was a more important limiting factor. This is evi­
denced by the fact that the curve for rate of growth rises with that 
of temperature, but as the temperature continues to rise with avail­
able water becoming inadequate in relation to evaporation demand, 
the growth rate falls. As the factor-complex becomes less and less 
favorable after mid-June, diametral changes are transformed from 
gains' into losses. 
The effect of light cannot be left out of account. During a 
cloudy period when light is reduced, photosynthetic processes may be 
slowed down so that less wood-forming materials may be constructed 
but, on the other hand, the effect of reduced light 011 the turgidity of 
the guard cells of the stomata may be such as to cutdown transpira­
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tion demand and thus permit water available for diametral increase 
to be more nearly the optimum. 
If temperature and available water are at their optimum, then 
available light may become the limiting factor and diametral increase 
may then show a direct relation to the number of cloudless hours per 
light-portion of the day. It is, therefore, readily seen that diametral 
increase is not controlled by anyone factor of the environment, but 
by a combination of factors all of which are variable. If anyone 
of the factors changes, then the effect of the factor-complex changes 
and it is this factor-complex to which, in the final analysis, the 
plant must respond. The relation of diametral changes to these 
factors is thoroughly discussed by MacDougal (6). ~ 
Temperatures for any sustained period of time in the spring of 
1940 remained low late into the season so that cambial activity, inso­
far as diametral increase in the trunk of trees is concerned, was late 
in starting. Rainfall, while short in the winter, was adequate in 
spring until mid-June. By July a pronounced drought, accompanied 
by higher temperatures than normal, had set in. Both the rainfall 
deficit and the high temperatures continued until the middle of 
August when a short respite from the more rigorous climatic condi­
tions of the previous two months occurred. The autumn and early 
winter continued mild and relatively dry. All of this is sharply re­
flected in the growth curves. Diametral increase began shortly after 
the middle of May and, while temperature and moisture were ap­
proaching their joint optimulTl, the growth changes rose steadily to 
their maximum rate about the middle of June. A fter the middle of 
June, with temperature satisfactory but available moisture sinking 
below the optimum and rapidly approaching drought status, growth 
increases fell off in rate to near the vanishing point by the middle 
of July and gave way to net losses due to contraction resulting from 
lowered turgidity during the hot and rainless period from the middle 
of July to tbe middle of August. Contraction of tnmks due to loss 
of turgidity resulting from inability of roots to supply transpiration 
demand has been noted in all trees studied (MacDougal, 7). 
Just what proportion of the diametral changes are due to actual 
increase in wood and what to variations in turgidity of both wood 
cells and those of the cortex is not indicated by the results in this 
study. It is probable that most of the changes in diameter after mid­
July are turgidity chang-es. The daily reversible var'iations are like­
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wise chiefly turgidity changes. It is worthy of note in this connec­
tion that while both trees "A" and "C" showed net radial losses dur­
ing the period from J nly IS to September 23 and shorte~ periods of 
loss after the latter date, recovery in both trees by the end of the 
observation period (December 30) had more than made good the 
earlier losses and the radii were greater in each case than when the 
mid-July losses began to occur. The losses and recoveries during 
November and December, following the time when all leaves had 
either fallen or were dead, is more difficult to understand. In all 
cases the losses were small and are related to rainless periods of 
unusually mild temperature. 
That diametral changes do show an immediate and close relation 
to available moisture is shown by results in irrigation experiments 
conducted by MacDougal (7). Irrigation of a specimen of Quercus 
agrifolia (an evergreen oak) which had shown no growth increase 
for 3 weeks resulted in diametral changes within 2 hours after appli­
cation of the water. 
The results of Diller (2) on annual ring formation in Fagus 
gmndifalia in northern Indiana take on new significance in the light 
of the present results. He found that annual growth in .Fagus 
showed a closer direct relation to rain fall for the month of June than 
for any other period and an inverse relation to temperature for the 
same month. In the present results it is shown that by far the 
greater proportion of annual growth for the year 1940 occurred 
during the month of June. 
SUMMARY 
1. Radial and diametral chang'es have been studied with den­
drometers and dendrograph on three trees of Fagl{s grandifal·ia. 
2. Growth changes wcre first noted coincident with the time 
when leaves attained full expansion, this occurring in 1940 about 
the middle of May. 
3. Radial increases rose steadily to maximal rates which occl1rred 
in all three trees dming the week ending June 17. 
4. Radial increases steadily decline in rate reaching the zero 
point shortly after July 15. 
5. Radial losses due to reduced turgidity resulting from excess 
of transpiration over ability of roots to supply water occurred from 
J lily 15 to August 12. Weekly periods following this date showed 
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alternating losses and recoveries closely correlated with rainfall and 
evaporation rate. 
6. Both trees to which dendrometers were attached 
slightly longer radii at time of leaf-fall than at time of cessation of As
growth changes. 
7. Between time of leaf-fall and the end of the observation 
period slight losses and recoveries also occurred. Tn one tree the 
end of the observation period saw a sTight gain over the radius at 
leaf-fall while in the other tlwre was a slight net loss. 
8. Daily reversible variations were registered by the dendro­
graph one week before growth activity began and continued in greater 
or lesser degree until the dismantling of the instrument on 
November 4. 
9. The daily curve showed maximum diameters about 6 a. m. 
and minima from 4 to 6 p. m., more often the latter time. 
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